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(57) 

[Problem] High magnetic flux density unidirectionality electro 
magnetic steel plate where iron loss characteristic is superior. 

[Means of Solution] In steel Si: 2.5 to 4.5 % and Cr :0.05 to 0 
.25 % are contained and when thickness of inside coatingwhere 
with platelet thickness : 0.1 5 to 0.35 mm and magnetic flux 
density :B8 : 1 .92 T or more, average crystal grain diameter of 
steel sheet 5 to 50 mmand area iron is difficult and is packed, 
hasfosterite (DANA51.3.1.2) filmof the2.5 to 5 m, iron 
loss(Wl7/50) of product rermvingfosterite (DANA51.3.1.2) 
filmof Aand the product low iron loss high magnetic flux 
density unidirectionality electromagnetic steel sheet where (B - 
A)/Ais0.1 5 or greater with theironloss(Wl7/50) as B. 
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[Qaim 1] With weight%, Si 2.5 % or higher 4.5 % or lower an 
d Cr 0.05 to 0.25 % iscontained in steel, magnetic flux density 
is B8 : 1 .92 T or more, average crystal grain diameter of steel 
sheetis a range of 5 mmto 50 rrmin steel sheet of plate 
thickness 0. 1 5 to 0.35 mm, when iron loss W17/50 ofthe 
product removing fosterite (DANA 51.3.1.2) film of A and 
product, when theiron loss W17/50 is designated as B, low iron 
loss high magnetic flux density unidirectionality 
electromagnetic steel sheet whichdesignates that (B-A) /A is 0. 
1 5 or greater as feature. 



1 1Btt®ttttAffittK&£-£flttBBtfl|;fK. 



[Qaim2] Low iron loss highmagnetic flux density unidirection 
ality electromagnetic steel sheet which is stated in Claim 1 
which designatesthat it possesses fosterite (DANA 5 1.3. 1 .2) 
film where thickness of inside filmis 2.5 to 5 mas feature. 
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[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention is something 
regarding highmagnetic flux density unidirectionality 
electromagnetic steel plate where iron loss issuperior. 

[0002] 

[Prior Art] As for unidirectionality electromagnetic steel sheet 
mainly being something which is used as iron core material 
ofthe trans and other electric equipment as softmagnetic 
material, excitation characteristic and iron loss 
characteristicmust be satisfactory as magnetic property. To 
obtain material where magnetic property is superior, it is 
important forthe <001> axis which is a easily magnetized axis 
to be even high-level inrollingdirection, but in addition degree 
of crystal grain, surface film and the specific resistance etc 
influence largely. Because of this, degree of crystal grain was 
small so far, as for the filmtension and specific resistance 
improvement effort designated that it enlargesas goal. 

[0003] IHdirectionality silicon steel sheet and rrHnufacturing 
method where iron loss which has fosterite (DANA 51.3.1.2) 
filmof theplate thickness 0.1 5 to 0.25 mm, average crystal 
grain diameter 1 to 6 mmand per surface 1 to 4 g/m2 quite is 
low are disclosed in theJapan Unexamined Patent Publication 
Showa 57 - 41326 disclosure . With this invention, fact that 
low iron loss is acquired bydesignating plate thickness and 
average particle diameter as inside above-mentioned 
rar^ec»ncerning material where magnetic flux density BlO is 1 . 
89 to 1.93T is discovered. 

[0004] In addition, Sn , Cu , you could do proposition which hig 
h temperature heating ( usual 1300 °C or higher ), produces 
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slab which is added in silicon steel which includes theAl of kind 
of trace amount which is shown in Japan Unexamined Patent 
Publication Showa 58 - 23414 disclosure, withoutinpairing 
directionality because of this, it became possible, to make 
thecrystal grain small, reached point where product where 
characteristic issuperior very is acquired. Furthermore, also 
stable production of product where product plate thickness is 
thin withthe Japan Unexamined Patent Publication Showa 59 - 
126722 disclosure and Japan Unexamined Patent Publication 
Showa61 - 117215 disclosure, became possible on basis of this 
technology^eached point where quite unidirectionality 
electromagnetic steel sheet of low ironloss is acquired. 

[0005] These technology increase grain boundary by making cr 
ystal grain small, circulationmagnetic domainwhich occurs in 
this grain boundary becomes bud of magnetic domain fractionize, 
goes hand inhand with film tension and is thought thing which 
makes magnetic domain widthnarrow. In addition, under 1280 
°C production process which it can make low has beenproposed 
kind of slab heating temperature which recently is shown in for 
example Japan Examined Patent Publication Sho 61 - 60896 
disclosure. 

[0006] This method like high temperature slab heater which is 
mentioned earlier is not somethingwhich manufactures inhibitor 
with preprocessing, with step afterrollingit does nitriding with 
such as nitrogen and or ammonia makes and itdesignates that it 
is packed as feature. In Japan Unexamined Patent Publication 
Showa 62 - 253728 disclosure feature of product which is 
produced similarly with thelow temperature slab heating process 
is disclosed in connection with degree of crystal grain and 
betweenthe B8. ( B8=filmremovalB8 - filntequipped 
B8 ) Namely, unidirectionality electromagnetic steel sheet 
where iron loss which designates that B8 of removal front 
and back of fosterite (DANA 5 1.3. 1.2) filmis 220 gauss or 
greater withproductwhich had bigger particle diameter (8 to 30 
mm) than crystal grain diameter (1 to 6 mm) of conventional 
product as feature is lowis disclosed. 

[0007] This inventor etc pinpoints fact that relief or other film 
property condition of tension and steel sheet interface which 
are given to steel sheet is well reflected on the B8 , has made 
attribute which describes properties of fosterite (DANA51.3.1. 
2) filmwiththis B8. When and, attaching fosterite (DANA 
51.3.1.2) filmwhere B8 is250gaussor greater, average 
particle diameter (8 to 30 mm)of material which gives low iron 
loss and range of B8 ( 1 .91 to 1 .971) ruleare done, relief of 
interface of tension and filmand steel sheet whichthe film 
gives to steel sheet concerning reason where low iron loss 
isacquired with big filmof B8 , is large together, reliefof 
interface becomes source of magnetic domain fractionize of one 
kind, can do the magnetic domain fractionize with high tension 
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in addition to that, and it is explanatory thatthe low ir< 
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[0008] 

[Problems to be Solved by the Invention] Fact that tension is la 
rge as filmproperty condition whichdecreases iron loss, is of 
course, but thickness (relief of interface) of fosteiite (DANA 
5 1.3. 1 .2) film whicheats into area iron is more important. 
However B8 not being a relief of interface of filmregarding 
conventional magnetic measurement method, when thickness is 
thick, because it becomeslarge, B8 and iron loss relationship 
attaching, arguingjudgement is an erroneous possibility. 

[0009] Stabilizing Goss structure which is produced generally wit 
hhighpressureextending ratio one time rolling method of 80 % 
or higher, when you take processwhich advances crystal grain 
becomeslarge. When average crystal grain diameter 5 mmto 
50 mmbecomes large, magnetic flux density how being high, in 
conventional filmproperty condition stabilizing, it cannot 
obtain product where theiron loss characteristic is superior. 
This when product plate thickness becomes thin, all more 
becomes difficult. 

[0010] It is something where as for this invention you paid arte 
ntion to crystal grain diameterand filmproperty condition and 
relationship of iron loss, made filmproperrycondition to which 
crystal grain also gives low iron loss largely clear, itexamined 
concerning control method. 

[0011] 

[Means to Solve the Problems] Concerning condition which low 
iron loss material possesses, it exaninedthe these inventors in 
detail with high magnetic flux density material concerning 
therelationship of secondary recrystallizationparticle diameter 
and filmformation state between iron loss. As a result, fact that 
it is important to regulate formation state oflhe fosteiite 
(DANA51.3.1.2)filminfixedrangewithsizeof crystal grain 
diameter was discovered. 

[0012] As for namely, this invention, 1) in. steel Si 2.5 % or hi 
gher 4.5 % or lower , Cr 0.05 to 0.25 % is contained, magnetic 
flux density being B8 : 1 .92 T or more, it is, In steel sheet of 
platelet thickness 0.1 5 to 0.35 mmputting, average crystal 
grain diameter of steel sheet is a range of 5 mmto 50 mm, 
when iron loss W17/50 of the product removing fosterite 
(DANA51.3.1.2) filmof Aand product, when iron loss 
W17/50 isdesignated as B, it is a low iron loss highmagnetic 
flux density unidirectionality electromagnetic steel sheet where 
(B - A) /Ais 0. 1 5 or greater, furthermore 2) aforementioned 1 
whichpossesses fosterite (DANA 5 1 .3. 1 .2) film where thickness 
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[0018] It heated rolled this kind of slab with 1 150 °C, made ho 
t rolled plate ofthe 2.5 mm annealing after doing, quench it did 
this with 1 120 °C + 900 °C. Next, acid wash it did and rolled 
in 0. 30 mm, this did decarbonizing annealing ofthe 830 °C X 
150 second in nitrogen 25% and hydrogen 75% atmosphere. 
This atmosphere dewpoint made 63 °C and 68 °C. 

[0019] Mtriding after this with 750 °C X 30 second was done i 
n hydrogen, nitrogen and ammonia nixed gas, nitrogen 
amount of steel sheet was almost adjusted 200 ppm . Next, 
annealing fractionating agent which designates MgO ,Ti 02 as 
main component was appliedand finished annealing of 1200 °C 
X 2 0 hour was done, water wash after this it did and treated 
specified and magnetic measured andit observed film It 
removed filmafter this, with acid wash and measured for 
thesecond time magnetic. 

[0020] Result has been shown in Figure 2(a) and (b), but it finish 
es thecontent of Cr and has shown value of steel sheet after 
theannealing As for average particle diameter of secondary 
recrystallization grain there is not a difference for themost part 
with Cr content and with 7 mm, magnetic flux density before 
filmremoving is something of 1 .93 to 1 .95T almost, low iron 
loss is acquired in Cr :0.05 to 0.25 %. When filmis removed, 
relationship is gone in Cr content and thevalue becomes very 
bad. 

[0021] CrnoadditionmaterialandO.08% and 0.1 8% cross se 
ction photograph of filmof material which is included is shown 
respectively in Figure 3 (a),(b),(c). inside filmadvances by 
adding Cr,this inside film which grewbecomes bud of magnetic 
domain fiactionize, secono^recrystallizationparticle 
diameter is large and you think thething where low iron loss is 
acquired. This Cr promotes scattering of plate thickness 
direction of oxygen in thetime of decarbonizing annealing, 
makes oxidized layer (77^ write (Fe 2 SiOt ) and SiQ2 ) 
which is necessary for fosterite(DANA51.3.1.2)film 
formationthick. You think that thickness of this oxidized layer 
decides thickness of inside film. 

[0022] Figure 4 after treating Cr change material which is used f 
orabove-mentioned experiment with decarbonizing annealing 
condition is something which analyzedthe amount of oxygen. 
When Cr is added, amount of oxygen increases, has shown y 
7 write and fact that formation of SiQ2 is promoted. 
There is a atmosphere dewpoint at time of decarbonizing 
annealing, as other factor which ithas an influence on this 
oxidized layer formation, but adjusts this thickness withonly 
dewpoint modification, there is a limit. 

[0023] Combination of Cr and decarbonizing annealing conditio 
n is important. Figure 5 is something which shows relationship 
of Cr presence or absencebetween decarbonizing annealing 
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a^lio S ilifitlmU^f>2. 5%~4. 5 

1\ -7J4. B%*ajtst»tt±BiH*±i;*. ism 

s&jgiiB 8 i?i. 9 2Tjy±t-rs„ cti^yffii^ffi 



[002 8] Crl*0. 05~0. ZB%tth a 0. 

0 5%*yffi^irtWftiltfl>lsa*<ii<, -750. 25 
l^o Hffl^lflio. 15~0. 3 5 mini f So o. 15 



condition which are caused to iron loss. Inside Cr no addition 
material and 0. 1 5 % of material which is usedwith experiment 
ahead after treating in same way, it rolled thematerial which is 
added in 0.23 mm, it did decarbonizing annealing temperature, 
in kind ofcondition which shows 840 °C, annealing time and 
atmosphere gas in Table 1. 

[0024] 

[Table 1] 



[0025] Atmosphere gas changing dewpoint of prestage, thickne 
ss of oxidized layerchar^ing, poststage adjusts quality of 
oxidized layer with as thedty gas. It treats after this in same 
way as those which are mentionedearlier. Also both product 
those where prestage dew point of decarbonizing annealing is 
high iron losshave become low fromresult, but when you see 
with Cr presence or absence,those which include Cr are superior 
markedly. As for inside filmof fosterite(DAlSlA51.3.1.2) one 
where prestage dewpoint is high, thosewhich in addition include 
Cr had become thicker. 

[0026] Furthermore, average crystal grain diameter in each cas 
e was 10 to 13 mmalmost. Figure 6 is something which shows 
change of iron loss of fosterite (DANA 5 1 .3. 1 .2) filmremoval 
front and back concerning product of plate thickness 0.23 mm 
and 0. 30 mmwhere thickness of inside film differs. After 
removing filmiron loss of product with A and the acid wash , it 
is something which is shown in connection with between theiron 
loss and (B - A) /A of product when iron loss is designated asthe 
B. low iron loss is acquired with 0. 1 5 or greater. About those 
where this value is large inside filmhas become thick. 

[0027] Next you express concerning limiting factor of constitut 
ing factor of this invention. Above low iron loss is obtained as 
for Si 2.5 % to 4.5 % it is necessaryto include from. When it is 
lower than 2.5 %, when low iron loss is not acquired,exceeds 4.5 
% on one hand problemon brittle is caused, magnetic flux 
density makes 1 .92 T or more with B8 . When it is lower than 
this, low iron loss is difficult to be acquired. 

[0028] Cr makes 0.05 to 0.25 %. When it is lower than 0.05 %, 
when advancement of inside filmis bad,crosses over 0.25 % on 
one hand aziinuth of secondary recrystallization grain 
beinginferior, low iron loss is not acquired, product platelet 
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mm& y sll^t>0l*3ES8:Pt-eteB 8 t? 1 . 9 2Tiy±<©i 
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thickness makes 0. 1 5 to 0.35 mm As for those which are 
thinner than 0. 1 5 mm with starting step those ofthe 1 .92 T or 
more are difficult to be acquired with B8 . When it becomes 
thicker than 0.35 mm, influence of fosterite (DANA 5 1 .3. 1 .2) 
filmbecomessmall and effect is little. 



[0 0 2 9] -%M1&M,1&<D¥-%}1fc$,1&mt5~5 0Mi 
, »*L<l*7~4 0mni:L, CO)i|fta)Atf£IKa>jI 
Wt2. 5~5/Jmt«„ 2. SjUmiyKtt, 
*fc5ilm«kyW<Ttfitt«l*ft6*lft^. « 

fi6fl>ft»«Hil*o. iBiii±i«„ c*il*1»a«l,fc.k 



[oo3o] eiTSlt«f=o^ra'<*. 

[003 1] 

C : 0. 0 5 5%, S i : 3. 3%, Mn : 0. 10% 
, P : 0. 0 2 5%, S : 0. 0 1 0%, A I : 0. 0 
2 8%, N : 0 . 008 0%, S n : 0. 05%, £^ 
tit&fefflzC r £SS»U 0. 12%, 0. 2 0%, 
0. 3 8%$^JOLfcX7^SiSof;„ 1 1 5 0 

°C-C*Jnjl?K |»9Elfeft2. 3mmO)jSM<!:Lfco 
1 1 2 0°C+9 0 O-CCO^M^MitM^L, 0. 23 
mmlcjfrjSLfc,, 

[0 0 3 2] ?|#^#H 2 : 7 5%, N 2 : 2 5%, gg 
(S6 9°CT*8 3 0°CX 7 0# + S)S (-2 0°C) , 8 3 
0°Cx2 0»fl5«iillttttSfTofcft, H 2 , N 2 , NH 

3ji^^xcp-c7 5 o°cx 3 o^o^t^m^'iiimu 

<0s3iS£l£l£2OOppm IcfliSLfco CCD?£, MgO 

, t i o 2 $±j*#i-r4tttta*#j*iMiLfc«i 2 

0 0°CX 2 OB#M<Dtt±lf«tt*fiofc. = <DftBfJ£fl> 



[0029] Average crystal grain diameter of secondary recrystalliz 
ation grain makes 5 to 50 mm and preferably 7 to 40 mm, 
thicknessof inside filmin this case makes 2.5 to 5 m Being 
thinner than 2.5 mevenwhen, in addition 5 m 
comparedto being thick low iron loss is not acquired. Especially, 
value of iron loss of (iron loss after iron loss - filmremoving of 
product) / product makes 0. 1 5 or greaterconcerning iron loss. 
As for this as mentioned earlier, when it is smaller than this 
value,the iron loss characteristic of product is bad. 

[0030] You express concerning below Working Example. 

[0031] 

[Working Examples)] 

C: 0.055 % and Si: 3.3 % and Mn. : 0.1 0 % andP: 0.025 % a 
nd S: 0.010 % and Al : 0.028 % andN: 0.0080 % and Sn :0. 
05 % , Cr slab which adds no addition , the 0. 1 2 % , 0.20 % and 
0.38 % was made inmoltensteel which iscontained. With 1150 
°C heating and after rolling, this it made hot rolled plate ofthe 
2.3 mm acid wash after hot rolled plate annealing of 1 120 °C + 
900 °C it did this, rolled inthe0.23 mm 

[0032] Continuously, after doing decarbonizing annealing of 83 
0 °CX70 second + dewpoint (- 20 °Q and 830 °C X 20 
second withthe H2 :75 % , N2 :25 % and dewpoint 69 °C, 
nitriding of 750 °C X 30 second was done inthe H2 , N2 ,NH3 
nixed gas and nitrogen amount of steel plate was almost 
adjusted 200 ppm . After this, after applying annealing 
fractionating agent which designates MgO ,Ti 02 as themain 
component finished annealing of 1200 °C X 2 0 hour was 
done. It treated after this specified and measured magnetic. 



[0 0 3 3] JfclvcttK.fcyiJsMUXT^I' KJ£J££B& 
[0 0 3 4] 



[0033] Next as it removes fosterite (DANA 5 1 .3. 1.2) filmwith 
acid and measures for thesecond time magnetic average crystal 
grain diameter was sought, result is shown in Table 2. 

[0034] 
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[Table 2] 
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[0 0 3 5] *&BH<B£#£S5f= LTl^&SBBKeiSHT [0035] Low iron loss material is acquired in range winch fills up 

ffiSfcM** 6 HX H S o conditionof this invention 



[0 0 3 6] 

msaM#6*i* = i:*<flril6-ca.&. 



[0036] 

[Effects of the Invention] As above expressed, as for this inven 
tionunidirectionality electromagnetic steel plate where ironloss 
is lowvvithout controlling secondary recrystallization particle 
diameter especially it is possible to beacquired. 



[12] (a) 14 c r4#%£¥$£A»S£®Hft$ 
s (b) lie r£*%bm9lk<DlHk&*ti j etiifitB 



[13] (a) 14 C r&mWWi'g;<Dffifamm£iFT^ 
*TJ, (b) (4Cr : 0. 0 896S»iPLfc»*, *fc 
, (c)l4Cr:0. 1 8%£$flDLfc*8£©, Zfo? 

[14] Cr^%ii1i:*t»Mltt«iL 



[15] c r£*%£IKKtttt&#<DHtt£tt?IS. 



[16] nflPABta>JV$0)Ao^4Kllo. 23mm<b0. 
3 OmmS n n n (co^T(D7^-^XT J 7-l' h£JIB&£ftr&<D 



[Brief Explanation of the Drawings)] 

[Figure 1] Even secondary recrystallization particle diameter , it 
is a figure which shows relationship betweenthe formation state 
(inside film thickness) and iron loss of film 

[Figure 2] As for (a) relationship between Cr content % and the 
average crystal grain diameter, as for (b) figure which shows 
relationship betweenthe Cr content % and iron loss 
respectively. 

[Figure 3] As for (a) with photograph which shows steel sheet cr 
oss section in case of theCr no addition, as for (b) when Cr :0.08 
% is added, in addition, as for the(c) photograph which shows, 
respective steel sheet cross section when Cr : 0.1 8 % isadded. 

[Figure 4] Figure which shows relationship between Cr content 
% and after treating with decarbonizing annealing condition 
which is shown in Table lthe amount of oxygen of inside film. 

[Figure 5] Cr content % and figure which shows relationship oft 
he decarbonizing annealing condition. 

[Figure 6] Concerning plate thickness 0.23 mmand 0. 30 mmp 
roduct where thickness of inside filmdiffers figure which shows 
change of ironloss of fosterite (DANA51.3.1.2) filmremoval 
front and back. 
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[Figure 1] 
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[Figure 2] 
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[Figure 4] 
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[Figure 3] 
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[Figure 6] 
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